Abstract. We study the resonant tunneling properties of an electron through a few types of binary periodic and aperiodic multibarrier systems. Within the framework of the effective-mass approximation, we calculate the transmission coefficients to investigate the dependence of the transmission resonances on the system parameters such as the kind of aperiodicity, the generation number, and the widths of the wells and barriers. Similarities and differences of the resonances between the binary periodic and aperiodic systems are discussed in detail. Transmission resonances in aperiodic systems are found to be characterized by complex resonance splitting and a variety of peak-to-valley ratios which are not exhibited in the periodic system. For some energy ranges, transmission resonances in aperiodic systems are also found to resemble those in the periodic system, despite the existence of aperiodicity.
Introduction
Tunneling of an electron through a potential barrier is one of the fundamental phenomena in quantum mechanics and plays a key role in the physics of electronic and optoelectronic devices [1] . Stimulated by the advancement in modern material fabrication technology such as moleculara e-mail: ogy@anu.ansung.ac.kr beam epitaxy and metal-organic chemical vapor deposition, there has been a lot of work on the problem of the electronic resonant tunneling in semiconductor superlattices [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Among interesting features emerged from the studies, the most well recognized features are the resonance splitting effects and the energy band effects; for a finite superlattice composed of N identical potential barriers with arbitrary profiles at zero bias, there occurs (N −1)-fold resonance splitting, and the split resonant energies approach the band structure for large N [1, [12] [13] [14] .
Very recently, Guo et al. [15] studied the resonance splitting effects in superlattices which are periodically juxtaposed with two different building barriers to demonstrate that the resonance splitting is determined not only by the structure but also by the parameters of building barriers.
In a different context, there has been much interest in the electronic properties of deterministic aperiodic systems [16] [17] [18] [19] which are known to have more complex geometrical structures than the periodic system. Studies on these systems have revealed a variety of exotic electronic properties such as the singular continuity of the energy spectrum, the self-similarity of the electronic wave functions, the power-law behavior of the resistance, and so forth. However, most of the work has focused on the electronic properties in the infinite limit of the system size [16] [17] [18] [19] [20] , and the study on the transport properties of the finite-size systems, particularly from tunneling point of view, has received less attention. Recently, Singh et al.
[21] studied the electronic transport properties of the Fibonacci and Thue-Morse (TM) superlattices to compare the results with those of the periodic system. Besides, Liu et al. [22] calculated the electronic transmission spectra of the Cantor fractal multibarrier systems to show that the tunneling spectrum is more complex than that of the periodic system.
In this paper, we study the aperiodicity-induced effects on the transmission resonances in a few types of binary aperiodic multibarrier systems. To do this, tak- 
Method
We shall now derive an expression for the transmission coefficient of a multibarrier system using the transfer matrix formalism. To do this, we consider an electron with a longitudinal energy E incident from left of the system. As- suming that the phonon scattering can be neglected and no bias is applied across the system, the effective-mass approximation leads to the continuous Schrödinger equation
where x is the longitudinal direction of the system, V (x) the minimum energy of the conduction band, and m * j = m * w(b) the effective mass of the electron in the well (barrier) of the jth cell. Figure 1 shows the schematic configuration of a part of the system. For convenience of calculation, we set the conduction band minimum to be zero and the potential barrier to be rectangular, i.e.,
where x j (y j ) is the starting position of the jth well (barrier). Then, the wave function associated with the electron in the jth cell can be written as
in the well and
in the barrier. Here,
are the wave numbers in the wells and barriers, respectively.
By applying the Bastard's matching conditions of the wave function and its derivative at discontinuity of V (x),
we can write the relation of the coefficients between the jth and (j + 1)th wells as
where T j is the unimodular transfer matrix, and α j and β j are given by
Here, w j (= y j − x j ) and b j (= x j+1 − y j ) are the widths of the jth well and barrier. Multiplying T j successively, we can write the relation of A's and B's between the first and the (N + 1)th region as
where M N is the total transfer matrix given by
Since there will be a reflected wave in the first region but only a transmitted wave in the (N + 1)th region (i.e., B N +1 = 0), we can write the transmission coefficient as
Generally, it requires extensive matrix manipulation to calculate T . However, for the multibarrier systems considered in this paper, T can be easily calculated in terms of the deterministic substitution rules given below.
We now introduce four kinds of deterministic sequences − the BP, the TM [16, 17] , the period-doubling (PD) [18] , and the copper-mean (CM) [19] sequences which are gen-erated by the substitution rules
where l is the generation number (i. By means of Eq. (11), we can write the recursion relations of the total transfer matrices between different generations as
Using the relations in Eq. (12), we can easily derive the recursion relations of a's and b's between different generations as follows:
with a 0 = α A , b 0 = β A , a 0 = α B , and b 0 = β B for the TM sequence, and
A β B for the PD sequence. Recursion relations for the CM sequence are exactly the same as Eq. (15) with
Numerical results and discussion
As a sample material for calculation, we choose the µc- ure 2a. We argue that the occurrence of this kind of resonance splitting attributes to the binary periodicity of the system. The second is that the total number of resonant peaks is not exactly the same as the number of the wells.
In Figure 2e 
Summary
In summary, we studied the effects of aperiodicity on the transmission resonances of an electron through a few types of binary aperiodic multibarrier systems with finite system size. Dependence of transmission resonances on the system parameters was investigated, from which the similarities and differences of the resonances between the binary periodic and aperiodic systems were presented. In doing this, a comparison of resonance splitting exhibited in the common-well structure with those exhibited in the common-barrier structure of the multibarrier systems was also made in detail. It was found that complex resonance
